Lotka's law of scientific productivity is a bibliometric example: the number of authors against the number of contributions made by the authors was plotted on a logarithmic scale. The points were closely scattered around a straight line having a slope of-2. The purpose of this study was to apply information technology to real-world data and to quantify the extent of the bibliometric regularity that exists in the literature of dental science. We have analyzed the productivity index of authors (PI) in a scientific journal (Journal of American Dental Association). Details of a total of 4,088 papers published between 1966 and 1995 were extracted electronically from MEDLINE. The total number of authors was 5,589, responsible for 8,569 authorships. Only 0.8 % of the authors presented a PI >= 1 (large producers), and 78.1 % a PI = 0 (occasional authors).
Introduction
Newton based much of his gravitational theory, where an inverse-square law held, on the orbit of the Great Comet of 1680 (1) . In dental sciences the inverse-square law from dental radiology is well known to dentists. The intensity of an x-ray beam varies as the inverse-square of the distance from the source. On the other hand, similar regularities can be observed in various social phenomena. It is well known that a high degree of skewness exists in the distribution of output among individuals in certain kinds of human activity. The phenomenon, "success breeds success," wherein a relatively few people dominate the activities in which they are engaged, is frequently observed.
Lotka's law of scientific productivity (2) is bibliometric example of such empirical observations: the number of authors against the number of contributions made by the authors was plotted on a logarithmic scale. The points were closely scattered around a straight line having a slope of negative two. Based upon this empirical finding, the following inverse-square law describing the pattern of scientific productivity was proposed:
where AN is the number of authors publishing N papers and A1 is the number of authors publishing one paper.
Simon ( (5) instead of 1 / N2 as suggested by Lotka. In the economics literature, the productivity of authors approximated Lotka's law (i.e., C=1.84) (6) .
None of the dental science studies, however, have inquired whether the pattern of productivity in the literature conforms to this empirical regularity observed in other fields. One of the reasons seems to be that it is a very large task to count the number of authors without the aid of computers. Information technology is rapidly becoming an essential part of the infrastructure of dental education (7) . The American Dental Association Survey Center has tracked dentists' use of computers since 1984. In 1994, twothirds of dentists reported having a computer in their practice (8) . Today, there are many computer programs on the market which allow the end-user to search MEDLINE (Index Medicus, U.S. National Library of Medicine, Bethesda, MD) without the need of an intermediary. MEDLINE is the on-line database from which the printed sources of Index Medicus, the International Nursing Index and the Index to Dental Literature are compiled. It is one of the largest on-line computer database of biomedical information in the world. References found in MEDLINE data back to 1966. The purpose of this study was to apply information technology to real-world data and to quantify the extent of the bibliometric regularity that exists in the literature of dental science.
Materials
and Methods The Journal of the American Dental Association (JADA) published since 1859 is a very prestigious journal. It has various sections: Clinical practice, Research, Practice management, Trend, and Specialties. The database used in this bibliometric study was MEDLINE. By means of remote access techniques, all the JADA documents published between 1966 and 1995 were extracted from the section "AU" (author), and "PT" (publication type). The records of authors were downloaded into Microsoft Excel workbooks (Microsoft, Co., USA). A program written in Visual Basic for Applications was developed in order to count the number of authors. Clinical Trial, Letter and Editorial sections were not included in the analysis. In the case of multiple authorship, the "normal count" was used: each author of an article received full credit.
The data were collected at 10 year-intervals from 1966 to 1995. As bibliometric indicators, number of authors/paper index and authors' productivity index (PI) have been applied. The PI allows the establishment of three levels of productivity : PI = 0 (transience index: authors with a single paper), 0 < PI < 1 (those authors that published between two and nine papers), and PI > = 1 (very productive authors, with ten or more papers).
The generalized Lotka's law (AN =A1/Nc) was tested by running the following regression:
where C is a constant and c is the error from the true value. The parameter C is a useful statistic for describing the degree of author concentration among different periods: the smaller the C, the higher the author concentration. Using the StatView (Abacus Concepts, Inc., Berkeley, USA) statistical package, direct tests were performed by estimating equation CD for each period and for the 1966 to 1995 period as a whole. The regression equations were estimated using categories 1 through 9. The tenth and residual categories were ignored since the number of observations was generally very small.
Theoretical values of Lotka's law
A stochastic model implies that the number of authors with N publications is proportional to 1 / [N(N+1)(N+2) N+K-1)] for some integer K, or more generally, to where Ai is the number of authors publishing i papers and / denotes the summation over i = 1 to 00.
In order to evaluate 1(1 I i2), note first that the Fourier series for the periodic function f(t), where f(t)=0 when Results Table 1 presents the summary of the data set which shows the total number of papers, the number of authors, and the proportion of authors by the number of publications. The last row is the theoretical percentages of authors publishing one paper or more for the Journal. The total number of authors was 5,589, responsible for 8,569 authorships. The mean number of authors per paper was 2.10. The number of papers in the 1986-1995 period was lower than those in the other periods. The number of authors in the 1976-1985 period was higher than those in the other periods. In Table 2 , the most active authors in JADA are listed. There were 42 authors that had a PI >=1 and that can be considered as large producers, i.e., they have published ten or more papers in JADA. This small group of investigators (0.8 % of the total) have generated 8.4 % of the papers included in this analysis (Fig. 1) . In contrast, 4,363 authors (78.1 % of the total) have produced only one paper (PI=0), which produced a transience index (percentage of publications produced by occasional authors) of 50.9 %. Table 1 Frequency distribution of authors by number of publications * The data were aggregated for n> 9 for succinctness . Table 2 List of authors contributing ten or more papers in total (1966-1995) Fig. 1 Productivity Index (PI) of authors.
The PI led to the establishment of three accepted levels of productivity: PI=0 (transience index; authors with a single paper); 0< PI<1(authors that published between two and nine papers); PI >=1 (large producers; authors with ten or more papers). Fig. 2 Plots of the data from original articles. The plots of log (A1/AN) vs. log (N) approximately followed a straight line, where AN is the number of authors publishing N papers and A1 is the number of authors publishing one paper. Table 3 presents a fitted value of C with its respective R2 value for each period and the 1966-1995 period as a whole. For each period, the generalized Lotka's law explained more than 99 % of the empirical distribution of publication patterns. The model gave almost a perfect fit when it was applied to the 1966-1995 period (R2=0.999): the estimated exponent (C) was 2.64 ( Table 3 , Fig. 2 ).
Discussion
The 1996 year-long study showed that JADA readers were generally pleased with their Journal, finding it useful and interesting (9) . The JADA's most popular features fell within the clinical realm; the Clinical Practice section and Dr. Gordon Christensen's monthly column. Dr. Christensen was one of the most productive authors (data not shown). Of his 117 original papers published in the 1966-1995 period, 60 papers were in the Journal. Dr. Correll was the most productive author in the Journal. Such prolific authors tended to publish their papers in several different journals. A sample of articles from one journal might not give the same picture of the distribution of authors by number of papers contributed (10) . In the present study, author concentration did not undergo any notable change among the three periods, 1966-75, 1976-85, 1986-95. More widened, controlled studies are urgently required. The result, however, was different from that of Lotka. Although authorship was highly concentrated among top scholars, repeated publications in the Journal were more difficult than those predicted by Lotka.
One consideration in this study is the problem in matching names. Authors often will be cited slightly differently over time. Middle initials may be omitted, or first names used instead of first initials. Women often change names due to marriage. Moreover, false matches will be included whenever one has the same name as another person. The second consideration pertains to the assessment of the contribution of co-authors. Clearly, contributing part of a paper as a co-author in a team effort is not the same as writing a paper all by oneself. For smallscale studies of computer science literature (11, 12) , data were found to conform to the inverse-square law (C=2) when papers with multiple authors were credited only to the senior (first-named) author, and to the inverse-cube law (C=3) on the assumption that each author of an article receives full credit.
In our study, the results were almost the same in either case: the parameter C was 2.87 on the assumption that only the first author receives credit (data not shown). This is probably because the first author of a JADA paper was often the second or third author on another paper contributed by the same research group.
Our findings indicate that the number of authors publishing N papers was 1/N2.64 of those publishing one paper in the 1966-1995 period. Repeated publications in the JADA were more difficult than those predicted by Lotka (1/N2), although the difficulty decreased slightly from 1966-1975 to 1986-1995 . This study will help the reader recognize that information technology gives an interesting topic in the sociology of dental sciences.
